The influence of various in vitro procedures on embryo survival and the production of normal offspring was investigated in sheep. Zygotes with both in vivo cultured IVM\p=n-\IVF zygotes and control zygotes 25\p=n-\35% versus 51\p=n-\60%, respectively, P < 0.05). Day 6.5 IVM\p=n-\IVFmorulae had a lower survival rate than did control morulae regardless of culture treatment (P < 0.05), while survival rates of day 6.5 IVM\p=n-\IVF blastocysts cultured in vivo did not differ from those of control blastocysts (P > 0.1). Both the gestation period and birth weight of IVM\p=n-\IVFlambs were increased when compared with controls, the former significantly in all groups (154.0\p=n-\154.9days versus 150.6 days; P < 0.01), while the latter increase was on the borderline of significance (4\ m=. \ 5\ p=n-\ 4\ m=. \ 8 kg versus 4.0 kg; 0.01 \m=le\P \m=le\0.1, respectively) and dependent on the prolongation of the gestation period. It is concluded that in vitro maturation and fertilization compromise subsequent embryonic and fetal development in sheep irrespective of the subsequent in vivo or in vitro culture treatment. Subjecting IVM\p=n-\IVF zygotes to in vivo culture for 6.5 days minimizes only some of these effects, thus leading to the aberrant production of some offspring.
, and this is a major constraint to further developing the technologies. In addition, Walker et al (1992a) observed that in vitro culture resulted in prolonged gestation, increased birth weight and increased perinatal death rate after embryo transfer. Similar findings have been reported in sheep (Thompson et al, 1995) and in cattle (Behboodi et al, 1995; Farin and Farm, 1995) .
Factors responsible for either the reduced viability of embryos or the production of abnormal offspring after in vitro handling have not been identified. The purpose of the present study was to examine the effect of different in vitro procedures on the rates of embryo survival and the production of normal offspring after embryo transfer. Specifically, the effects of the following factors were compared: (1) source of embryos (IVM-IVF versus in vivo derived), (2) in vitro versus in vivo culture of in vitro derived zygotes and (3) co-culture versus non-co-culture of in vitro derived zygotes.
Preliminary results have been published earlier in abstract form (Holm et al, 1994b ).
Materials and Methods
Experimental design (Fig. I (Walker et al, 1986 (Fig. 2) (Fig. 3) (Fig. 2) .
The number of single and twin births in the four exper¬ imental groups were, respectively, 15 and three for the All IVM-IVF lambs other than those derived from co-cultured embryos were significantly heavier than in vivo control lambs (P < 0.05 and = 0.1, respectively); the mean birth weights in the SOF-cult, CO-cult, VIVO-cult and control treatment groups were 4.7 ±0.4, 4.5 ± 0.2, 4.8 ±0.2 and 4.0 ± 0.2, respectively. Separate analysis of birth weights of singles and twins or females and males revealed significant differences between all treatment groups and controls for single lambs and tendencies for female lambs, respectively, while results were less clear for twin and male lambs, respectively (Table 2 and Fig. 4 ). There was no significant effect of culture treatment on birth weights when duration of gestation was included as fixed effect in the statistical model. 
Discussion
The in vitro procedures used in this study influenced not only the overall survival of embryos after transfer but also the duration of gestation and birth weight, thus supporting similar observations (Walker et al, 1992a, b; Thompson et al, 1995) .
As in earlier studies (Holm et al, 1994a) , the proportions of (Thompson et al, 1995; van Langendonckt et al, 1996 (Fig. 4) .
Therefore, the present results do not conclusively support the observations of Walker et al (1992b) and Thompson et al (1995) regarding independent increases in the duration of gestation and in birth weights after the in vitro culture of ovine zygotes in SOF with 20% serum.
However, the present data show that IVM-IVF procedures alone alter the duration of gestation, and as the birth is triggered by the fetus (Silver, 1990) , the prolongation of gestation alone is likely to be a result of physiological changes in the fetus.
The use of an oviduct epithelial cell co-culture system did not evidently normalize gestation length and birth weight. This finding is supported by studies in cattle (Behboodi et al, 1995; Farin and Farin, 1995 (Behboodi et al, 1995) . Thompson et al. (1995) Sales, 1981) or to the oviducts of progesterone treated ewes (Kleemann et al, 1994) causes enhanced fetal growth. In cattle, in vitro procedures also affect fetal growth (Behboodi et al, 1995; Farin and Farin, 1995) , but not duration of gestation (Behboodi et al, 1995) , while cloning by nucleus transfer affects both (Willadsen et al, 1991;  Wilson et al, 1995) . The numbers of lambs and variation in birth weights in this study do not allow further conclusions regarding the possible relations between the type of manipulation, birth weight and duration of gestation.
The observation of physiological changes (for example abnormal metabolic regulation) in newborn nuclear transfer calves irrespective of their birthweight have been correlated with reduced neonatal survival (Garry et al, 1996) . In vitro culture has also been linked with increased rates of perinatal death in both sheep (Walker et al, 1992a, b) and cattle (Behboodi et al, 1995) . In the present study, we observed high incidence of perinatal death only in the group of lambs derived from co-cultured IVM-IVF zygotes. This group also had a high incidence of assisted births, an event that at least in part may explain the reduction in perinatal survival.
In conclusion, the results of our study indicate that duration of gestation and birth weight of lambs are increased when oocytes are subjected to IVM and IVF procedures. These effects are manifested before first cell division and influence development, regardless of the subsequent culture treatments.
Neither the oviduct environment nor oviduct cells in culture were able to reverse these effects even though the survival rate of IVM-IVF produced blastocysts was normalized.
